1* The vanishing theorem* Let A denote the mod p Steenrod algebra. Let A^/ί the category of unstable left A-modules and thecategory of unstable right A-modules. We may define Ext^, as the sth right derived functor of Hom^, and similarly define since A^£ and ^A are abelian categoriesw ith enough projectives. Note that, if ikfeA^C is of finite type, then
ExW(M, Z p ) = ExWZ,, M*) .
Recall the mod p Massey-Peterson spectral sequence (see, for example, [4] ). Let X be a simply connected space with π*(X) of finite type. Suppose that H*(X; Z p ) s U{M), MzA^e, where U(M) is the free unstable A-algebra generated by M. Then there is a spectral sequence {E r (X)} with 
Eoo(X) = Qrπ*(X) I (torsion prime to p) .
Let A be the bigraded differential algebra over Z φ introduced by Bousfield et al [3] , which has multiplicative generators X t of 474 MASAMITSU MORI bidegree (1, 2i(p -1)-1) for i > 0 and μ t of bidegree (1, 2ί(p -1) This may be applied, for example, when X is an odd dimensional sphere, Stiefel manifold, or if-space. 
such that Q is an isomorphism for s ^ 2 and a monomorphism for
such that R is an isomorphism for s ^ 2 and a monomorphism for 8 = 1. 
On the other hand the natural map
is an isomorphism for s ^ 2 and a monomorphism for 8 = 1.
We shall use the following circular sequence due to Toda [9] (see, also, Oka [8] ) to prove the periodicity theorems. 
(ii) otherwise ΰΓ fc (ikί) = 0.
4* Proof of the vanishing theorem. Let F(n) denote a free unstable A-module on one generator e n . We define an unstable Amodule N(n) to be the quotient of F(n) by the relation βc n -0. Next define M(n) to be the subcomplex of N(n) by ommitting the c n from N(n) if n odd and ommitting the c n9 (c n 
First we suppose that n is odd. Then by the long exact sequence induced from a short exact sequence
we have an isomorphism (ri) . By virtue of Theorem 3 we can prove the vanishing theorem for Z p by analysing C(n). Namely, Ext^i ί+ *(ikf(?ι), Z p ){t Φ s) vanishes for * > <p Λ (t -s). Furthermore we can observe the periodicity phenomenon in a range near the vanishing line. In fact, by Theorems 3, 4 and 5 we have two periodicity operators P and Q of bidegree (p, 2p(p -1) + p) and (2, 2p(p -1) ), respectively.
For lower dimensional sphere we shall give periodic families. Let 1< m ^ p + 1. In #••*+*-^S**- for s = p -m + 2 and m^p + 1 , (β, eg -1), (8, pq -2) , (s, pg -1), (s, (m + 8 -2)g -2)
for s = p -w + 3, , p -1 and p Ψ 3 ,
where q = 2(p -1). Applying the periodicity operators P and Q repeatedly, we can determine the behavior of all JE^S 2 *" 1 ) near the vanishing line. (Possibly other elements appear in a range apart from the vanishing line when we apply the iteration of the operator Q.)
We next suppose that n is even. Let L(n; ί)(0 < t <£• oo) be an unstable A-module with elements σ n , (σ is an isomorphism for s > φ n (k), when JV* = H*(S n ; Z p ) -Z p (n odd) and N* = L(n\ t)(n even). The general case follows inductively using the five lemma.
